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The cardioexcitatory molluscan neuropeptide FMRFamide (Phe-Met-Arg-Phe-NH?) [ l ] and some of the structurally related family of FMRFamide-like peptides, discovered subsequently in a range of species, have modulatory effects on invertebrate skeletal and visceral muscle. For example, FMRFamide has been shown to cause naloxonesensitive potentiation of acetylcholine-induced contraction of smooth muscle from Mytilirs edirlis [ 2 ] . Furthermore, FMRFamide and related peptides have been shown to exert modulatory effects, described as both presynaptic and postsynaptic [3, 41 on the extensor tibiae preparation of Schisrocercu greguriu. FMRFamide-like peptides have also been shown to be related structurally to the enkephalins [ S ] and, significantly, the indirect effects of FMRFamide on muscle contraction/relaxation were inhibited by the opiate antagonist naloxone.
The isolated foregut of the locust S. gregaria is contracted by the pentapeptide proctolin and relaxed by S-hydroxytryptamine (5-HT) in a dose-dependent manner [6]. This report describes the naloxone-sensitive modulatory effects of FMRFamide, YGGFMRFamide (Tyr-Gly-Gly-Phe-MetArg-Phe-NH,) and FLRFamide ( Phe-Leu-Arg-Phe-NH2) on proctolin-induced contraction and 5-HT-induced relaxation of the isolated locust foregut.
Materiuls and methods
Foreguts (oesophagus to proventriculus) isolated from mature adults of both sexes of S. gregan'a were incubated in Clarke Insect Ringer solution at 18 k 2 "C. All drug solutions were made up in Clarke Insect Ringer solution. Using a 6 min cycle with two washes, alternate standard doses of proctolin ( 1 W 7~) and 5-HT ( 1 0 -'~) were applied to maintain tissue tone. The direct agonist actions of FMRFamide, YGGFMRFamide and FLRFamide were studied over a 5-HT dose-response curves were constructed in the presence and absence of FMRFamide ( 2 x ~O -' M ) and FMRFamide plus naloxone (lo-"). Tissues were incubated with naloxone for 20 min before re-testing the effects of the agonists. The statistical significance of drug-induced changes in effects caused by standard concentrations of proctolin and 5-HT were tested using Student's t-test. FMRFamide, FLRFamide and YGGFMRFamide inhibited the contraction caused by a standard dose of proctolin by an average of 63.8k6.5%), 26.6f2.7'%, and 44.5 f 10.2%, respectively. Naloxone ( 10-,M) significantly reduced this action of FMRFamide and FLRFamide, but was not tested against YGGFMRFamide.
Re.sirlts urid disciissiori
It has been proposed that FMRFamide exerts its modulatory role in this tissue by activating naloxone-sensitive recep-2 X 10-5M-10-JM. and that the 5-HT, receptor antagonist kctanserin reduced the action of both the indolealkylaminc and FMRFamide. Consequently, it would appear that the actions of both substances are likely to be expressed by activation of the kctanserin-sensitive 5-HT, receptor. The action o f naloxone to prevent FMRFamide exerting its full effects on the 5-HT dose-response curve further supports this proposal. Similarly, naloxone had no effect on proctolin-induced contraction, but abolished FMRFamide-induced inhibition o f the contractile effects of proctolin. All three FMRFamide-related peptides are approximately equipotent at increasing relaxation induced by a standard dose of 5-HT. However, FLRFamide is less potent than either FMRFamide o r YGGFMRFamide at inhibiting the contraction induced by a standard dose of proctolin. This result may reflect the sensitivity of the receptor for -MetArg-Phe-NH,-type compounds. Fig. 1 shows a modcl proposed to explain the interaction between FMRFamide-related peptides, proctolin and 5-HT. 
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